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[0007] 

Es ist generell bekannt, daS zur Reinigung eines porosen 
Glask6rpers Warmebehandlung in Gegenwart von Chlorgas bei 
zumindest 800PC dient. Im Fall solcher poroser Glasf ormk6rper , 
welche Formungshilf smittel enthalten, haften jedoch eine 
erhebliche Menge Fremdstoffe, die im wesentlichen aus den 
Formungshilf smitteln stammen, an der Oberflache der den 
Glaskorper bildenden Siliciumdioxid-Teilchen an, so daS bei 
der Reinigung eines derartigen Glaskorpers durch unmittelbare 
Aufheizung auf eine Tempera tur oberhalb 800^ diese an der 
Oberflache anhaftenden Fremdstoffe in das Innere der Teilchen 
eindringen, was die Reinigung des porSsen Formkorpers sehr 
erschwert . 
[0008] 

Andererseits ist die Methode bekannt, einen porfisen 
GlasformkOrper zun&chst in einer AtmosphSre aus 
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^ 4 

Thionylchlorid und Sauerstoff bei 4009C zu reinigen und dann 
bei lOOO^C weiter zu reinigen (vgl . Glastech. Ber., Vol. 60, 
Nr. 4 (1987), S. 125-132). Auch in diesem Verfahren ist es 
jedoch schwierig, aus dem porosen, Formungshilf smittel 
enthaltenden Glasf ormkorper ein transparentes Glas zu 
gewinnen . 



[0017] 
[Wirkung] 

ErfindungsgemaS wird zuerst W&rmebehandlung in einer 
Sauerstoff und Chlorgas enthaltenden Atmosphare bei 400 bis 
8009C durchgefuhrt, wodurch sowohl die Formungshilf smittel im 
porosen Glasf ormk6rpers als auch die in den 
Formungshilfsmitteln und Quarzglaspulvern enthaltenen 
Fremdstoffe, insbesondere Alkali- und Erdalkalimetalle, und 
Ubergangsmetalle entfernt werden. Hierbei werden also an den 
Quarzglaspulverteilchen des Formkorpers anhaftende 
Fremdstoffe eliminiert, so daS sie insbesondere auch an deren 
Oberflachen nicht mehr anhaften. Hierbei wird andererseits 
verhindert, dafi aus der Vorrichtung usw. stammende 
Fremdstoffe an den Oberflachen zur Anhaftung kommen. 
AnschlieSend wird ttbliche Weirmebehandlung, 

d. h. Behandlung in einer chlorhaltigen Atmosphare bei 800^ 
oder mehr, durchgeftihrt , wodurch der Reinigungsef f ekt weiter 
erhoht wird. 
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(57) [Abstract] 
[Objective] 

manufacturing method of quartz-based glass which can 
acquire high purity quartz-based glass from porous glass 
molded article which formed making use of molding aid is 
offered makes the objective. 

[Constitution] 

When quartz glass is produced, in atmosphere which contains 
chlorine and oxygen vis-a-vis porous glass molded article 
which first includes molding aid, the heat treatment is 
administered with temperature of range of 400 - 800 deg 
C,furthermore in atmosphere which contains chlorine heat 
treatment isadministered with temperature of 800 deg C or 
greater. 



[Claim(s)] 
[Claim 1] 

manufacturing method, of quartz-based glass where in 
atmosphere which contains chlorine and oxygen vis-a-vis 
porous glass molded article which includes molding aid, it 
administers heat treatment with temperature of range of 400 ■ 
800 deg C, furthermore in atmosphere which contains 
chlorine administers heat treatment with the temperature of 
800 deg C or greater and makes feature 



[Description of the Invention] 
[0001] 

[objective of invention] 
[0002] 

[Field of Industrial Application] 

This invention for optics or regards manufacturing method of 
quartz-based glass whichis used for one for optical 
communication, it regards quartz-based glass production 
method from the porous glass molded article which formed 
making use of especially molding aid. 

[0003] 

[Prior Art] 

As manufacturing method of quartz-based glass, silica powder 
method which porous glass molded article which forms, 

acquires iraiisparciii vitrification is done is public knowledge 

In this case, moldability adding molding aid to silica powder 
in orderto improve, it forms it is done porous glass molded 
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[0004] 



[0005] 

ware— gpsa *#Hfttti-cfi-oT 

[0006] 

j - fr -b -JZJU &tf7Jt» ± ME ')& 



article generally. 
[0004] 

In this case, molding aid which is contained in porous glass 
molded article does notbecome if it does not remove, removal 
(Below, it names degreasing. ) of this kind of molding 
aid, until recently, is done with oxygen or inert gas or other 
atmosphere. 

And, at time of producing product of especially high purity, 
after degreasing, it refines with such as chlorine atmosphere. 

[0005] 

[Problems to be Solved by the Invention] 

Doing degreasing step of porous glass molded article which 
includes molding aid, in oxygen or inert gas atmosphere, 
when for most part it is not possible to remove the alkali and 
alkaline earth metal—transition metal etc which are included 
in molding aid and silica powder these impurity remain, kind 
of adverse effect which is shown below isbrought. 

[0006] 

namely, alkali and alkaline earth metal cause crystallization in 
vitrification process of molded article, the transition metal 
transmittance of light deteriorates because metal itself has 
absorption peak of light. 



Because of that, it is a high purity and in production of quartz 
glass which isused for optical waveguide and optical 
component which are needed , it refinesafter degreasing step. 



[0007] 

t 800 deg C Jil±0> Stf^tg A<D #£TT? 
Lrfr-Lfca!£,__E£fl2313ij£ ^*TLfc£*l^ *" 

z>&m.<D*m®>t><ttmLiBZ>tdh-~ e& soo 
deg ess teum-zftsiLtzm-stz—mmo) 

[0008] 

mmconm^tp 400 deg c x-mm+-i&iz 

1000 deg C lZXW&mM?$>l58kt)<*al>*tT 

(Orastech Be - — — - 
1987 *P)o 



[0007] 

By way, in refining porous glass article, with temperature of 
800 deg C or greater the heat treatment is done at least under 
existing of chlorine gas, it is widely known. 

But, because impurity of large amount which is included in 
molding aid mainly even in surface of silica particle which 
forms porous glass article regarding porous glass molded 
article which contains molding aid, has deposited, when it 
refinedwith temperature which directly exceeds 800 deg C 
impurity of surface invades particle internal, porous molded 
article is refined very becomes difficult. 

[0008] 

On one hand, porous glass molded article with 400 deg C in 
atmosphere of thionyl chloride+oxygen isrefined, furthermore 
method which is refined for second timewith 1000 deg C is 
known, (Graslcch Ber Vol. 60 4 number 125 - 132 page 
1987 ). 
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[0009] 

&-i2L-&l&S)}mm^XtiLW*&xtz$>nm. a 
[0010] 

[ mm& Mik-t&tziho) 

&.lfM%&-&frt -SUHtt+T? 400-800 deg c 
^f-SI^Htv^-t? 800 deg C M.±0) SttJin 

[0011] 

-0)5Eircl=!±SrmiiS i.-r & af^*f 
Sltfe 400-800 deg C <D$&m<DWT*1mm9& 
[0012] 

fl.f£ itS 800 deg c 

Mzirtr—^-rm^mmiznmLtz^m^ 

_SL_^= 400 deg C *jSTT-»iJ!i*<^-fc» 



[0013] 

'%^—M2 3M L2L^D0~800degCa)ffiffl(Z5 



SSffla^ 800 deg C £Lfc<DSB 
[0014] 



But, adopting this method, it is very difficult to obtain 
transparent glass from porous glass molded article which 
includes molding aid. 

[0009] 

As for this invention considering to situation which catches, 
beingsomething which it is possible, it offers manufacturing 
method of quartz-based glass whichcan acquire high purity 
quartz-based glass from porous glass molded article which 
formed making use of the molding aid it makes objective. 

[0010] 

[Means to Solve the Problems] 

manufacturing method of quartz-based glass where this 
invention in order to solve theabove-mentioned problem, in 
atmosphere which contains chlorine and the oxygen vis-a-vis 
porous glass molded article which includes molding aid, 
administers the heat treatment with temperature of range of 
400 - 800 deg C, furthermore in the atmosphere which 
contains chlorine administers heat treatment with temperature 
of800 deg C or greater and makes feature is offered. 

[0011] 

With this invention, in atmosphere which contains chlorine 
and the oxygen as first step, vis-a-vis porous glass molded 
article first heat treatment isadministered with temperature of 
range of 400 - 800 deg C, but thereason is as follows. 

[0012] 

As namely, mentioned earlier, porous glass molded article 
which includes molding aid when heat treatment was done 
with temperature which directly exceeds 800 deg C, impurity 
which deposits in particle surface regardless of presence or 
absence of mixture of chlorine to invade particle internal, 
furthermore air hole of molded article part to close and finish, 
after that refining in effective action, In addition because 
under 400 deg C degreasing becomes insufficient. 

Furthermore, as chlorine source which here is contained in 
atmosphere notjust chlorine gas, like thionyl chloride also it is 
possible to use those where chlorine gas occurs by reacting 
inside equipment. 

[0013] 

Next, in atmosphere which contains chlorine is done vis-a-vis 
the porous glass article which with temperature of range of 
400 - 800 deg C as second step ,heat treatment, heat treatment 
is administered with temperature of 800 deg C or greater. 

This step is something which corresponds to conventional 
purification step. 

[0014] 
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^-^zB a K - / Oh * ;£ JPL fc t» 



[0015] 

3fcttJIMWfc^ 

»9*&a>NEfittfiJt£ « ftSzartft* 



[0016] 

-fc_Z£ JUgt* u V— x ^-K ^M-i^u 



LA^L_i^e,|c|St»+i^tCD-cr-*3: <Rba>1faJt 
[0017] 

»H ft *"C 40O-800 deg C <D ©H<D 



As for porous glass molded article as it is called in this 
invention, it is somethingwhich formed making use of 
molding method which is used generally with the field of 
casting extrusion pressure molding or other ceramic 
making use of, so-called quartz-based glass powder such as 
powderwhich adds phosphorus alumi num bomn or other 
dopant to pure silica powder or pure silica powder. 

[0015] 

In addition as for molding aid, intensity of action or molded 
article whichgrants moldability to quartz-based powder where 
moldability is difficult with additive which possesses action 
which improves, mold release property fromaction and mold 
which disassemble powder agglomerate in primary particle 
action or improvement action of surface of powder 
whichimproves, Also those which possess action which 
decreases are included the interfacial tension. 

[0016] 

As embodiment of molding aid, polyvinyl alcohol—^ 
polyvinyl butyral_polyethylene glyeol methyl cellulose 
carboxy methyl cellulose and ethyl cellulose_glycerine etc, 

inaddition, acrylic acid oligomer stearin arid , 
ethyl en eglyrol terra methylene glycol Or Other Organic 

matter fiirthermore there is a tetraethoxysilane or other 
metal alkoxide etc. 



But, is not something which is limited to these and it is 
possiblealso to use other substance. 

In addition, it is not something which is limited in certain 
range concerning these addition quantity and proportion, it is 
set appropriately by the molding method . 

[0017] 

[Working Principle] 

At time of this inventing, when molding aid of porous glass 
molded article is removedfirst, by in atmosphere which 
contains oxygen and chlorine gas doing heat treatment with 
temperature of range of 400 - 800 deg C, 
becomesimultaneously, impurity especially alkali and 
alkaline earth metal transition metal or other removal 
whichare included in molding aid and quartz-based glass 
powder which form porous glass molded article possible. 

In this case, these impurity which have deposited in 
quartz-based glass powder particle of especially molded 
article are removed become possible. 

Furthermore, by fact that chlorine is used, removes these 
impurity not only it is possible, impurity which in porous 
glass surface of molded article occursfrom equipment etc 
deposits preventing becomes possiblewithout depositing in 
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^llSLJift— 800 deg C fcl 
[0018] 

[HKe0!I] 



[0019] 

titz^WtU A<-b^h*±L-SIEEPJpgSll 
15 ^^"CiS^ zTAS 13 rt(D«[ 



[0020] 



[0021] 



MSA* 50mm_i/i_^g$#*J 270mm (DtOSl^ 

tZo 



A<&J 3T 7.5mnu4^fi$S$J 260mm_J±H 



quartz-based glass powder particle surface. 

Next, further purification effect it improves it becomes 
possible by doing the heat treatment in chlorine-containing 
atmosphere of 800 deg C or greater which usually are done 
generally. 

[0018] 

[Working Example(s)] 

Referring to drawing below, concerning Working Example of 
this invention,you explain concretely. 

Here, as example you explain concerning manufacturing 
method of optical fiber of the high purity as quartz-based 
glass. 

[0019] 

Figure 1 is conceptual diagram which shows pressure molding 
device in order toproduce porous molded article from 
quartz-based glass powder. 

As for this equipment, inside high pressure imparting 
equipment 11 object being molded through pressurizing 
medium 15 likesliding oil to which support tube 17 which is 
installed information rubber type 13 which is filled and 
outside is set, isfilled in periphery of formation rubber type by 
high pressure imparting equipment 1 1 giving the pressure to 
object being molded inside formation rubber type 13, that 
pressure molding itis something which is done. 



Furthermore, as for reference number 19 as for lower cover „ 
12 of formation rubber type 13 with lid , as for 14 it is a 
pressurizing medium exit and entrance. 

[0020] 

Making use of this equipment like below porous glass molded 
article it formed. 

First, inside formation rubber type 13, glass rod 18 which 
possesses theportion of cladding of core and periphery in 
center wasinstalled. 

[0021] 

With nitrile rubber, internal diameter used those of 50 mm 
diam eter le ngth approximately 270 mm here as formation 
rubber type 13. 

Furthermore, it can also use those of silicone rubber make as 
formation rubber type 13. 

In addition, being something which is produced with VAD 
method which isa one of gas phase method as glass rod 18, 
cladding/core approximately 3, the outer diameter 7.5 mm 
dianictci_Lprigih approximately 260 mm ratio index of 
refraction used approximately 0.35%ones. 
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[0022] 

&nmiixf$.Mm fitted ztztb&i&m l 

-;U(PAT PVA 1ST) |fe* £*Li_M 

C0)[^iftfm^¥i$«*^ 150 Urn V 
*fctt* J$.M&}M PVA CD i gjg '1 11% 
[0023] 

ftifi ffiffi fflj 0.9g/cm 3 -Cfcofco 



[0024] 

*<Pjfr 17 tfmVttl-tbtltztfttezil* 

Sl3« BEHHnKJliit-b^Ufc. 

15 *<SAl. EgJ%=fAgg 13 lzH*A<EPJ!in*tV 
"l.Ston /cm 2 CD 1 ^WftP 



XSIIIflLSSQjkiSt 11 AltL_£^tS 17 



[0022] 

average particle diameter used commercial silica powder of 
approximately 8;mu m porous glass molded article as powder 
in order to form. 

It made concentration approximately 60% slurry polyvinyl 
alcohol as molding aid inthis powder (Below, PVA you 
inscribe. ) with including pure water . 

This slurry drying *granulating was done making use of 
atomizing dryer. 

In this case average particle diameter of granulating particle 
was approximately 150;mu m. 

In addition concentration of molding aid PVA in particle was 
2 wt%. 

[0023] 

silica powder 16 which it acquires in this way it was filled 
information rubber type. 

While in this case powder 16 in order to be filled in uniform 
givingvibration to lower cover 19 with unshown vibrator, it 
was filled. 

packing density was approximately 0.9 g/cm 3 . 

After being filled lid 12 was closed, support tube 17 was 
installedin outside of formation rubber type. 

This support tube 17 occasion where imparting it does 
pressure,is in order pressure in only radial direction imparting 
to try to be done. 

[0024] 

After that, formation rubber type 13 where you can install 
supporttube 17 was set to high pressure imparting equipment 
11. 

In this case, pressurizing medium 15 invades from 
pressurizing medium exit and entrance 14, pressure imparting 
isdone in formation rubber type 13. 

pressure of 1.5 ton /cm 2 1 minute imparting it did molding 
condition, after thatapproximately 20 min applied and vacuum 
made slow. 

After vacuum ending, from high pressure imparting 
equipment 11, formation rubber type 13 whereyou can install 
support tube 17 was removed, lid 12 was opened and porous 
glass molded article was removed. 

As shown in Figure 2, porous glass molded article 21 was 
formed to periphery of glass rod 18. 

As for crack_crack we did not occur of course in porous 
glass molded article , obvious thing, glass rod 18 of center 
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Q'VK 18 tmz- ffiSfcfrofco 
[0025] 

2fctL-J§b*lfc £ ?lf© # X fig «M*<7> ^»«J 

-m_^# ±8£®;&i/a&£JS£3syi£< 

cojraifeissniH 3 iz** ^_jid^ 31 
'0©32^Mmai;M«a>;i^ a^ic^is # 

<cft fifths mm o^ ril ' A :4 Lfco 

anSfc&ffenij^SA^ 600 deg C £C? 2 deg CI 
#<7>ilJg-eg.SL_£D0 deg C-C 5 BSPdjft&L 

[0026] 

C:comaaxfctiHe,Cl 2 SHflL* 1200 deg C 
3fel*-CiRS* 1600 deg Clc_t^£ T He #H 
[0027] 

fee 

[0028] 

*iL-tt«j*T?fip«iLfc*ifl!> rawo>»tt**" 

[0029] 



crack did not occur. 

outer diameter of porous glass molded article which it 
acquires was approximately 40 mm diameter. 

[0025] 

In order next, to remove alkali melal_alkaline earth metal 
and transition metal which have depositedin molding aid flf 
porous glass molded article which is acquired and surface of 
imp urity e specially powder which is included in porous 
glass article particle, heat treatment (degreasing step ) 
wasdone. 

This heat treatment, as shown in Figure 3, inserted porous 
glass molded article 21 which was formedto glass rod 18 and 
periphery inside oven core tube 32 of furnace 31, oven core 
tube 32 in mixed gas of oxygen and nitrogen did chlorine gas 
in atmosphere which is suppliedwith approximately 10% flow 
of flow of oxygen. 

Furthermore, flow ratio of oxygen and nitrogen 1: made 4. 

From room temperature to 600 deg C temperature rise it did 
heating condition, with velocity of 2 deg Cper minute, 5 hours 
kept with 600 deg C. 

[0026] 

After this heat treatment ends, concerning porous glass article 
refining *vitrification wasdone making use of another 
furnace. 

It did this purification step, with temperature of 1200 deg C in 
He,Cl 2 atmosphere. 

Next temperature rising in 1600 deg C, it did transparent 
vitrification in Heatmosphere. 

[0027] 

As for gas bubble or crack it was not recognized in optical 
fiber preform whichis acquired with these consecutive step . 



[0028] 

This optical fiber preform wire pulling it did to come with 
conventional method, optical fiber produced. 

transport loss of optical fiber which it acquires with 0.36 
dB/km , had had the characteristic which is equal to those 
which are produced with gas phase method. 

[0029] 

When with above-mentioned Working Example porous glass 
molded article was formed with the compression molding 
method , being attached, it showed, but with similar heat 
treatment possesses identical characteristic optical fiber which 
acquired even with when it formed with the casting method 
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[0030] 

0.42dB/lfan *ftfl|a>J|ft y*i»5fetf* < 
fcofc. 

"To 

[0031] 



and extrusion molding method not just this. 

In addition those of high purity are produced was possible 
notjust optical fiber, concerning substrate or quartz glass xod — 
pipe etc for optical waveguide. 

[0030] 

For comparing, besides chlorine gas is not used case of heat 
treatment (degreasing ) optical fiber was produced with same 
condition as above-mentioned Working Example. 

As a result transport loss of optical fiber which is acquired 
loss became largein comparison with 0.42 dB/km and in case 
of Working Example. 

In this case result of comparing impurity which is included in 
preform in optical fiber with Working Example is shown 
below. 

[0031] 





mmm 










Working Example 


Comparative Example 














Na 


< 0.001 


0.02 


Gi 












Ca 


< 0.001 


0.01 


F 








^Hl llppm 


) 
) 


Fe 


< 0.005 


0.01 


unit:weight ppm 



(**lO»«3i(IH»)*-*;: li qT tii x-i- 

l-ttS-TfiC *<l».it£ii_3:CD!S£S&ig-e 
f»IM(»Jlljb<fii±L*::: tfm& Unit, 

[0032] 

l+3iSflE£ 400 de£c Ltzmf—^tiStii ft 



[0033] 



JA/IVUJ 1 liVy i WWW W1HV*V »*v>» »w 

making use of chlorine impurity which occurs with pollution 
from imp urity an d equipment etcwhich deposit in particle 
(degreasing ) with , deposits in porous glass surface of 
molded article to be prevented, as a result purification effect 
which is done with the next step improved became clear. 

[0032] 

Next, this for comparing, other than designating temperature 
in the heat treatment (degreasing ) as 400 deg C optical fiber 
preform was produced with condition which issimilar to 
Working Example. 

As a result, it can recognize multiple gas bubble inside 
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[Effects of the Invention] 

manufacturing method of quartz-based glass which can 
acquire high purity quartz-based glass from porous glass 
molded article which formed according to this invention, 
making use of molding aid isoffered. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

conceptual diagram*, which shows pressure molding device 
in order to produce porous molded article which from 
quartz-based glass powder is used for this invention 

[Figure 2] 

Figure which shows state where porous glass molded article 
was formed to the periphery of glass rod. 

[Figure 3] 

schematic diagram*, which shows furnace in order heat 
treatment to do porous glass molded article which is used in 
order to execute this invention 

[Explanation of Symbols in Drawings] 

11 

high pressure imparting equipment 

12 

lid 

13 

Formation rubber type 
14 

pressurizing medium exit and entrance 
15 

pressurizing medium 
16 

silica powder 
17 

Support tube 
18 

core rod 
19 

Lower cover 
21 

porous glass molded article 
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31 

furnace 
32 

oven core tube 
[Figure 1] 



[Figure 2] 
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[Figure 3] 
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